In a previous large scale screen for dierentially expressed genes in pancreatic cancer, we identi®ed a gene highly overexpressed in cancer encoding a novel protein with four K-homologous (KH) domains. KHdomains are found in a subset of RNA-binding proteins, including pre-mRNA-binding (hnRNP) K protein and the fragile X mental retardation gene product (FMR1). Bȳ uorescence in situ hybridization (FISH) the identi®ed gene named koc (KH domain containing protein overexpressed in cancer) was assigned to chromosome 7p11.5. Two pseudogenes were localised on chromosome 6 and 11. The cloned koc cDNA has a 250 bp 5'-UTR, a 1740 bp ORF and a 2168 bp 3'-UTR. The AU-rich 3'-untranslated region of koc contains eight AUUUA and four AUUUUUA reiterated motifs. The deduced koc protein with 580 amino-acids has a relative molecular mass (M r ) of approximately 65 000 (65 K). The koc transcript is highly overexpressed in pancreatic cancer cell lines and in pancreatic cancer tissue as compared to both, normal pancreas and chronic pancreatitis tissue. High levels of expression were as well found in tissue samples of other human tumours. As the KH domain has been shown to be involved in the regulation of RNA synthesis and metabolism, we speculate that koc may assume a role in the regulation of tumour cell proliferation by interfering with transcriptional and or posttranscriptional processes. However, the precise role of koc in human tumour cells is unknown and remains to be elucidated.
Keywords: pancreatic cancer; KH-domain; RNAbinding; overexpression Pancreatic cancer is the ®fth cause of cancer related deaths in industrialized countries with increasing incidence and no or only ineective means of treatment (Gordis and Gold, 1993) . Recently, we conducted a large-scale automated analysis of differential gene expression in pancreatic cancer tissues to identify new genes involved in pancreatic cancerogenesis (Gress et al., 1996) . This large-scale screen led to the identi®cation of 369 distinct dierentially expressed genes of which more than 50% had no homologies to known genes in the databases. The deduced amino acid sequence of one of these previously unknown genes showed four internal peptide repeats corresponding to KH domains. The K homology (KH) domain, originally described in the pre-mRNA-binding heterogenous nuclear ribonucleoprotein (hnRNP) K protein, is found in a number of RNA binding proteins (Burd and Dreyfuss, 1994) . It has been suggested that KH domain containing proteins are involved in the regulation of RNA stability . In addition, in vitro experiments with hnRNP K suggest that the KH motif may also mediate DNA binding and that it may function as a transcriptional regulator (Takimoto et al., 1993) .
Based on this data concerning the role of KHdomains for processes as e.g. transcriptional regulation and RNA stability we assumed that the novel gene coding for a KH domain containing protein previously identi®ed as overexpressed in pancreatic cancer (Gress et al., 1996) may be of particular importance for cancerogenesis. In this paper we present data describing the cloning, the chromosomal mapping and expression studies of this novel gene. Four homologous clones were obtained by screening six cDNA libraries gridded at a clone density of 20736 clones/ 22622 cm (two from healthy pancreas, two from human pancreatic cancer tissue and two from pancreatic cancer cell lines) (Gress et al., 1994) . The nucleotide sequence of the full length koc transcript with 4158 bp (without poly(A) tail) was determined by sequencing of the four overlapping cDNA clones (Figure 1 ). The koc transcript has a 5'UTR (5' untranslated region) of at least 250 bp, an open reading frame (ORF) of 1740 bp and a 3'UTR (3' untranslated region) of 2168 bp. The 3'-untranslated region of koc is rich in AU-nucleotides and contains eight AUUUA and four AUUUUUA reiterated motifs and one poly(A) 18 stretch. The presence of AUUUA motifs within an AU-rich context in the 3'-UTR of mRNAs has been suggested to be involved in regulation of mRNA turnover. These sequence elements have been found in the 3'-UTR-lymphokine, cytokine and proto-oncogene transcripts (Gillis and Malter, 1991) . Experimental evidence is available indicating that mRNAs with AUUUA motifs in the 3'-UTR, like the koc transcript, are unstable and prone to rapid degradation leading to down-regulation of protein synthesis shortly after the transcription of a particular mRNA (Hentze, 1991) . In this line of evidence, mRNAs with a high turnover as e.g. the ones encoding regulatory proteins, such as transcription factors or cytokines, frequently contain AUUUA motifs whereas transcripts of`housekeeping' genes which have to be available at constant rates rarely contain these motifs.
The presence of two in-frame stop codons upstream of the predicted ATG start-codon indicates the presence of a bona ®de ORF (Figure 1 ). This ORF encodes a hypothetical 580-amino-acid protein with a deduced molecular mass (M r ) of approximately 65 000 (65 K). The N-terminal end of the deduced aminoacid sequence contains two potential nuclear localization sequences (Figure 1 ). The structure of the koc transcript based on our sequencing data is summarized in Figure 2a . An alignment of the four KH domains found in the koc protein to those of known proteins containing KH-domains is shown in Figure  2b . The expression patterns of koc were studied by Northern blot analysis which revealed the 4350 bp koc transcript and an additional band of 1.9 kb (see Figure 3a and b). Screening of several cDNA libraries from healthy tissues (approximately 1 000 000 clones) did not lead to the isolation of homologues clones corresponding to the 1.9 kb band detectable in all investigated samples. Therefore we performed an oligo dT primed RT ± PCR with total RNA from healthy pancreatic tissue and dierent primer sets, amplifying parts of the ORF. No speci®c bands were detectable with the respective primer sets in the oligo dT primed RT ± PCR (data not shown). This result and the fact that the 1.9 kb band was not detectable on the Poly(A) + Northern blot (Figure 4 ) demonstrate that this transcript, hybridizing with the koc probe in all tissues, has no poly(A) tail. Therefore, we performed an additional random primed RT ± PCR to exclude the presence of truncated transcripts homologous to the ORF of koc in healthy pancreatic tissue. No speci®c bands could be ampli®ed in the random primed RT ± PCR when using the ORF primers of koc (data not shown). Taken together, our data suggest that koc exists as one unique transcript of 4350 bp. The additional 1900 bp present in all tissues on Northern blots containing total RNA is most likely the result of unspeci®c hybridization to a Poly(A) 7 nucleic acid.
High levels of the 4350 bp koc transcript were detected in all examined pancreatic cancer cell lines (Figure 3a) . In contrast even a 14 day exposure did not permit the detection of the 4350 bp koc transcript in normal pancreas (n=9) and chronic pancreatitis (n=8) tissues (Figure 3b ). Very high transcript levels of koc were observed in ®ve of 15 pancreatic cancer tissues (33%). Comparable amounts of koc transcripts were seen in soft tissue sarcoma (n=1), gastric cancer (n=1) and at varying degrees in two colon cancer tissues (Figure 3b ). The 4350 bp koc transcript could not be detected in RNA from chronic pancreatitis tissue samples which are characterised by chronic inflammation and ®brosis. As ®brosis and in¯ammation are similar in chronic pancreatitis and pancreatic cancer tissue samples this may serve as an indication that enhanced expression of koc in pancreatic cancer tissues is not due to alterations occurring in stromal and in¯ammatory cells. In the same line of evidence, pancreatic cancer cell lines showed high levels of koc transcripts.
To exclude that koc is not only a ductal cell marker as e.g. members of the cytokeratin family (SchuÈ ssler et al., 1992), we measured the transcript levels of koc in short-term cultures, of transdierentiated human acinar cells which have been shown to display a ductal phenotype (VilaÂ et al., 1994) . Koc-transcripts could only be detected in these cells after SV-40 transformation (Figure 3a) . Furthermore, the presence of high transcript levels of koc in numerous cancer tissues (Figure 3b ) as compared to control tissues indicates that the koc protein might play a general role in proliferating transformed cells. This hypothesis is supported by the ®nding that the only non-malignant human tissue expressing the koc transcript was human placenta (Figure 4 ), a tissue characterised by cell growth and proliferation.
Southern blot analyses with DNA from various cancer tissues and cells showed no indications for genomic rearrangements of the koc gene locus (data (n=5), dierent cancer tissues (1, 6 ± 8, colonic carcinoma; 2, retroperitonal carcinoma of unknown origin; 3, soft tissue sarcoma; 4, gastric cancer; 5, carcinoma of the papilla vaterii) and human pancreatic cancer tissue (n=15) probed with xudy3 after a 12 days exposure time. All tissue samples were obtained after approval by the local Ethics Committee. The histological diagnosis was con®rmed for each individual tissue block by standard light microscopic evaluation of sections stained with hematoxylin and eosin. Total RNA was extracted by use of a standard guanidinium thiocyanate extraction followed by centrifugation in a cesium¯uoride gradient (Pharmacia LKB, Freiburg, Germany). Each random primed labelled probe was added at 1610 6 c.p.m. ml
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. Hybridized nylon membranes were washed with high stringency and exposed for 1 ± 14 days at 7708C. The additional 1.9 kb band, detected at the same level in all examined cancer and control tissues and cell lines, is most likely due to unspeci®c hybridization in Northern blots with total RNA not shown) and excluded genomic ampli®cation as a possible mechanism of transcriptional upregulation of koc. The koc gene was found to be located on chromosome 7p11.5 by use of monochromosomal somatic cell hybrid panels and¯uorescence in situ hybridization (FISH) for subchromosomal mapping. In addition, chromosomes 6 and 11 appear to contain fragments of the koc gene which most likely represent pseudogenes (data not shown).
The deduced amino-acid sequence of the koc protein contains four internal peptide repeats corresponding to the KH domain shared by a family of RNA binding proteins (e.g. Burd and Dreyfuss, 1994) . As shown by Siomi et al. (1994) , the KH domain plays an essential role in regulating the RNA binding activity of these proteins. RNA-binding proteins can have a wide range of functions, including posttranscriptional regulation of gene expression (Bandziulis et al., 1989; Frankel et al., 1991) . Although KH domains occur in a number of proteins that bind nonspecifically to ssRNA, it has as well been demonstrated that an impaired RNA binding induced by a mutation in one KH domain of FMR1 (fragile X mental retardation gene) causes the fragile X syndrome (Siomi et al., 1994) . Furthermore, Kiledjian et al. (1995) observed a speci®c function of a class of KH domain-containing proteins named aCps (a complex protein). These proteins are involved in formation of sequence speci®c a-globin mRNP complexes associated with a-globin mRNA stability . In addition, MER1, another eukaryotic KH domain protein, is involved in cell cycle-speci®c regulation of splicing activity in yeast (Nandabalan et al., 1993) , although the speci®c RNA sequence interacting with the protein has not been de®ned. Based on these data it is conceivable that overexpression of koc in various cancer tissues may play a speci®c role in posttranscriptional regulation of gene expression by interfering with RNA stability. As its expression appears to be restricted to proliferating tissues, koc may be involved in stabilising transcripts associated with tumour cell proliferation.
Besides the ability to bind RNA, it has been shown that KH domain containing proteins also bind to single stranded DNA (Gaillard et al., 1994) . Thus, a possible shuttling of the protein from RNA to DNA during processes which involve opening of the DNA double helix has been suggested by Gaillard et al. (1994) . To assume a role as transcriptional regulator of gene expression, the KH domain containing proteins must be transported into the nucleus. As shown for many other transcription factors (Boulikas, 1994) , the deduced amino-acid sequence of the presented koc transcript has two putative nuclear localization signals (NLS) which may enable this protein to enter the nucleus. Similarly, Ostrowski et al. (1994) cloned a kB motif-binding phosphoprotein which is homologous to the KH domain containing hnRNP K. Since the kB enhancer element regulates the expression of a number of genes involved in immune response and other processes, it is conceivable that binding of this phosphoprotein to the kB motif may regulate the transcription of the respective genes. Furthermore, it has been shown that hnRNP K and hnRNP A1 speci®cally bind to a pyrimidine-rich sequence element (CT-element) 100 ± 150 base pairs upstream of the human c-myc promoter P1 which serves as a positive transcriptional element. This speci®c binding activity of hnRNP protein K to the CT-element increases gene expression of c-myc in a cis-element-dependent manner in vitro (Takimoto et al., 1993) . Thus, it would be of particular interest to identify the target sequence(s) interacting with the koc protein to facilitate the analysis of the cellular function of koc in cancer tissues.
To summarise, we have identi®ed a novel gene highly overexpressed in pancreatic cancer and in various other cancer tissues encoding a protein with four internal KH-domains. Based on the nature of proteins containing KH-domains and the expression patterns observed in this study, we suggest that koc may be involved in transcriptional or posttranscriptional regulation of genes playing a role in tumour cell proliferation. This suggestion is at present being veri®ed in further in vitro experiments. 
